Introduction {#Sec1}
============

The reproductive system is shaped by evolution and is of fundamental importance for survival of mankind. Many complicated processes interact to control reproductive capacity and fertility \[[@CR1], [@CR2]\]. The reproductive system is sensitive and vulnerable with potential consequences of infertility, fetal loss, pregnancy-related diseases, and hormonal imbalance to impaired survival of new-born children. The World Health Organization (WHO) has, traditionally, focused on reproductive health and preventive measures concerning mother and child as an investment into future adult health \[[@CR3]\]. Recently, this issue has expanded to include preconception counseling to improve the health of young women planning for pregnancy, (e.g., folic acid supplementation) \[[@CR4]\].

In cardiovascular medicine, recent guidelines have emphasized the role of reproductive history in women when evaluating cardiovascular risk \[[@CR5]\], i.e., history of pregnancy-induced complications (gestational hypertension, preeclampsia \[[@CR6]\], gestational diabetes), premature menopause, or exposure to sex hormones such as hormonal contraceptives or hormonal replacement therapy in menopause that may increase blood pressure (BP) levels. Similarly, in men, information on sexual and reproductive history, as exemplified by the role of erectile dysfunction (ED) as an early marker of endothelial dysfunction and atherosclerosis \[[@CR7]\] should be collected. Further, information on cardiometabolic comorbidities that have been recently linked to male infertility should also be obtained \[[@CR8]\]. A list of reproductive factors associated with hypertension is provided in Table [1](#Tab1){ref-type="table"}.Table 1(A) Reproductive factors associated with hypertension; versus (B) hypertension, or its treatment, associated with reproductive factors(A) Reproductive factors associated with hypertension; versus  Pregnancy complications  Fetal growth retardation  Low birth weight  Contraceptives  Hormonal replacement therapy  Hypogonadism, infertility(B) Hypertension, or its treatment, associated with reproductive factors  Preconception (pre-existing) hypertension  Antihypertensive drugs and erectile dysfunction  Teratogenic effects by RAS blockers*RAS* renin-angiotensin-system

The aim of this review is to explore examples of factors of reproductive life, including early life programming, sexual health, male hypogonadism, and female reproductive history that have been associated with increased risk of hypertension and cardiovascular disease (CVD) in later life. Research devoted to a better understanding of these observed associations could provide new insights and help develop new strategies for the prevention and treatment of hypertension and CVD, e.g., targeting new risk groups for screening and intervention. Health problems linked to reproduction could increase the risk of hypertension, while hypertension or its drug treatment may have an impact on reproductive risk conditions, e.g., preeclampsia and erectile dysfunction.

Early Life Programming of Adult Hypertension and Cardiovascular Risk {#Sec2}
--------------------------------------------------------------------

Several studies have documented low birth weight, or low birth weight in relation to gestational age (small-for gestational-age; SGA), a possible consequence of intra-uterine growth retardation (IUGR), as risk markers for future BP elevation and hypertension in adult life. However, these exposures have not always been measured in the same study. Early studies by Gennser \[[@CR9]\], Barker \[[@CR10]\], and Lithell \[[@CR11]\] have shown evidence to support this association, first in young males \[[@CR9], [@CR12]\], and later in adult men and women. Several meta-analyses have confirmed the relationship \[[@CR13], [@CR14]\], even though not always consistent as some studies failed to show the association \[[@CR15]\]. This inconsistency likely reflects methodological differences among studies, i.e., the imprecise determination of gestational age and screening measurement of (office) BP. The association between adverse early life factors and adult BP elevation has been confirmed in diverse ethnic groups in various parts of the world \[[@CR16], [@CR17]\].

Low birthweight/SGA were also found to be associated with an increased risk for the development of ischemic heart disease \[[@CR18]\] and type 2 diabetes in adulthood \[[@CR19]\]. Ischemic heart disease is related to both neonatal and postneonatal morbidity and, therefore, to both intrauterine and postnatal environments \[[@CR18]\]. The links may include elevated BP and as yet unknown processes established in early postnatal life. According to Barker \[[@CR10]\], this could be a consequence of poor nutrition in pregnant women, the effects of unhealthy lifestyle (smoking, alcohol consumption) or impaired placental function. Other researchers have shown that the immediate postnatal period is also important. Children born small-for-gestational age (SGA) because of IUGR are preprogrammed in utero to enter a world of calorie restriction, but if they are exposed to a postnatal world of nutritional overflow ("mis-match") with rapid catch-up growth, their risk for developing CVD could increase further in adulthood, e.g., present as adverse cardiometabolic health \[[@CR20]\]. This hypothesis is further developed in the Developmental Origin of Health and Disease (DOHaD) concept, as promoted by the DOHaD Society ([www.dohad.org](http://www.dohad.org)). Postnatal feeding may be of great importance for the different unfavorable postnatal phenotypes, and breast feeding is strongly recommended to prevent them.

### Mechanisms Linking Early Life Factors with Cardiovascular Risk {#Sec3}

Some studies have documented that children born with SGA or with a low birth weight have disturbed neuroendocrine function with a relative adrenal hyperactivity in adulthood \[[@CR21]\]. Increased sympathetic nervous activation has been also shown in animal studies \[[@CR22]\]. In addition, impaired fetal growth has been associated with a lower number of nephrons \[[@CR23]\] and thus a tendency for impaired renal function, causing impaired sodium excretion. Finally, impaired insulin sensitivity and thereby increased insulin resistance due to the defects in the evolution of skeletal muscle tissue and its metabolism \[[@CR24]\] could contribute to the development of hyperinsulinemia and, consequently, increased sodium retention, inducing BP elevation. An association between birth weight and insulin resistance was found, but the association was reversed for those born preterm. The authors emphasized the need to "stratify by gestational age" in analysis of both previous and future studies \[[@CR24]\].

The possible link between early life factors and increased cardiovascular risk in the offspring of pregnant women with poor nutrition, unhealthy lifestyle (smoking, alcohol intake) or impaired placental function has remained controversial. Some researchers argue that genetic factors may explain the link between hypertension in the mother, SGA of the newborn, and development of hypertension in the offspring in adult life \[[@CR25]\].

Changes in the vascular system of growth-retarded babies include less developed capillaries and probably lower elastin accumulation in the media of elastic arteries, with a possible consequence of impaired elasticity promoting arterial stiffness \[[@CR26]\] and increased augmentation pressure index \[[@CR27]\]. The divergent results from various studies could be explained by differences in measurement techniques, as well as by the differential effects of impaired fetal growth on the one hand, and those of prematurity on the other. Both conditions could lead to low birth weight by different mechanisms.

Sexual Life, Erectile Dysfunction, and Cardiovascular Risk {#Sec4}
----------------------------------------------------------

Sexual function represents an integral part of human general health and wellbeing. Erectile dysfunction (ED), a condition frequently co-existing with hypertension, contributes significantly to the impaired health--related quality of life of both hypertensive patients and their sexual partners \[[@CR28]\]. The prevalence of ED in hypertensive individuals is approximately twice that of normotensive individuals. However, ED remains underreported, underrecognized, and undertreated in hypertensive patients \[[@CR29]\]. ED was included for the first time ever in the 2013 ESH/ESC Guidelines for the management of arterial hypertension \[[@CR30]\].

Erectile dysfunction is considered to be of vasculogenic origin in the vast majority of patients. It is an early diagnostic marker of CVD, preceding the manifestation of coronary artery disease by 3--5 years \[[@CR31]\]. Consistent with the "artery size hypothesis", it has been assumed that vascular lesions predisposing to CVD develop earlier in the small diameter penile arteries (1--2 mm) than in larger arteries, including the coronary arteries (3--4 mm) \[[@CR32]\].

Further, ED shares modifiable risk factors with hypertension. Randomized clinical trials have shown lifestyle modification to be of clinical benefit in improving ED \[[@CR33]\]. Lifestyle measures that reduce the risk of ED, hypertension, and the risk of BP-related cardiovascular complications include smoking cessation, weight reduction and maintenance, regular physical exercise, moderation of alcohol consumption, and dietary changes.

### Effects of Antihypertensive Drugs on Erectile Function {#Sec5}

Data regarding the effects of antihypertensive drug therapy on ED are limited, usually address monotherapy only, and come mainly from observational studies. Data from randomized studies addressing combination therapy are urgently needed \[[@CR34], [@CR35]\]. To date, ED has never been defined as a primary endpoint in any large clinical trial of antihypertensive drugs.

Available data suggest that older classes of antihypertensive agents (thiazides, beta-receptor blockers) are inferior to the newer ones (RAS blockers, calcium antagonists) regarding ED \[[@CR36]\]. In particular, the adverse effects of beta-blockers have been repeatedly confirmed, with the only possible exception of nebivolol, which has been reported to exert beneficial vasodilatory effects, possibly due to nitric oxide (NO) modulation.

Diuretics are also believed to impair ED, even when used in combined antihypertensive therapy \[[@CR35]\]. The type and dosage of the diuretic may be of importance. Although data regarding calcium antagonists and angiotensin-converting enzyme (ACE) inhibitors are not yet definitive, a neutral effect on ED has been reported \[[@CR36]\]. Angiotensin receptor blockers (ARBs) may positively affect ED \[[@CR37]\] and have been recommended as first-line treatment in patients with pre-existing ED. However, the ONTARGET/TRANSCEND trials did not demonstrate a benefit of an ARB on ED when added to previous multidrug regimen in high-risk hypertensive patients \[[@CR38]\]. Available data suggest significant benefits in erectile function when prior antihypertensive drug therapy is switched to either nebivolol or a renin-angiotensin system blocker.

### Phosphodiesterase-5 Inhibitors in Patients with Hypertension {#Sec6}

Over the past 15--20 years, phosphodiesterase-5 (PDE-5) inhibitors have emerged as an efficacious therapy for ED. The use of PDE-5 inhibitors in hypertensive patients provides important benefits. PDE-5 inhibitors exert their beneficial vasodilating effects, i.e., contributing to improved erectile function, mainly through improved adherence. Hypertensive men with ED are more likely to initiate and add antihypertensive medication when receiving PDE-5 inhibitors \[[@CR39]\].

PDE-5 inhibitors are, in general, well tolerated and relatively safe, but their use should follow appropriate consultation. In hypertensive patients treated with nitrates, PDE-5 inhibitors decrease systolic and diastolic BP. When PDE-5 inhibitors are co-administered with organic nitrates such as nitroglycerine and isosorbide mononitrate, unpredictable vasodilatory, and hypotensive effects may be observed. Co-administration of PDE-5 inhibitors and nitrates is therefore contraindicated.

Finally, ED is included in both European and US hypertension and cardiovascular prevention guidelines \[[@CR40], [@CR41]\]. These guidelines state that ED is considered a warning sign for early diagnostic or therapeutic intervention. Compared with older antihypertensive drugs, newer agents (ARBs, ACE inhibitors, calcium antagonists, and vasodilating beta-receptor blockers) have neutral or even beneficial effects on ED. Further, the PDE-5 inhibitors offer new avenues in the management of sexual dysfunction.

Male Hypogonadism, Hypertension and Cardiometabolic Risk {#Sec7}
--------------------------------------------------------

Male hypogonadism is characterized by a deficient production of the male sex hormone testosterone (T)*.* Primary hypogonadism is due to testicular failure, whereas secondary hypogonadism is caused by deficient production of gonadotropins. Compensated hypogonadism is characterized by high luteinizing hormone (LH) levels with normal T.

A clear and internationally recognized definition of male hypogonadism is lacking. Biochemically, T levels below the lower reference of a laboratory cutoff can be considered hypogonadal. Due to significant diurnal variation in T levels, the patient should be fasting, and the blood sample needs to be taken before 10 AM.

The clinical definition of hypogonadism, when considering androgen replacement therapy, is based on both the above biochemical criteria and on the presence of symptoms that can be related to T deficiency.

### Prevalence of Male Hypogonadism {#Sec8}

In young males, hypogonadism is rare, most often related to other comorbidities. The most frequent chromosomal abnormality, Klinefelterʼs syndrome, occurring in approximately 1:600 boys, is frequently associated with primary (testicular) hypogonadism. An increasing proportion of young hypogonadal men are cancer survivors, either those treated for cancer in childhood or testicular cancer, 30--40% of whom have low T levels.

Among adult males, the most frequent cause of hypogonadism is the age-related decline in T levels. In the European Male Aging Study (EMAS), which included more than 3000 men aged 40--80 years recruited from the general population of eight European countries, almost 23% of the participants presented with primary (2%), secondary (9%), or compensated (12%) hypogonadism \[[@CR42]\].

The prevalence of primary and compensated, but not secondary, hypogonadism increases with age \[[@CR43]\]. Apart from age, comorbidities and high body mass index (BMI) are important risk factors for hypogonadism.

Restricting the definition of hypogonadism to men presenting with both low T and at least three sexual symptoms, the overall prevalence of late-onset hypogonadism in the EMAS study population was 2.1%, increasing from 0.1% for men 40 to 49 years of age to 5.1% for those aged 70 to 79 years \[[@CR44]\].

Some studies have indicated a birth-cohort--related negative secular trend in T levels, and it has been suggested that the possible time-related decrease in sperm production is accompanied by increasing Leydig cell functional impairment related to adverse effects of environment and/or lifestyle on the fetal testes \[[@CR45]\].

### Male Hypogonadism and Cardiovascular Risk {#Sec9}

Several studies have shown that low T is a marker of decreased life expectancy. During a 25-year follow-up period, men less than 50 years of age with T levels below the 5th percentile experienced twice as high mortality as those with normal hormone levels, and CVD was the most significant single cause of the increased mortality rate \[[@CR46]\].

Other studies have shown an association between male childlessness or infertility and risk of CVD, hypertension, and metabolic syndrome \[[@CR47], [@CR48]\]. The prevalence of hypogonadism is significantly increased among men with reduced fertility \[[@CR49]\]. However, the unresolved question is whether T deficiency is the cause or the consequence of these conditions. It seems likely that hypogonadism may cause CV morbidity since T has been found to have an anti-inflammatory effect and to increase insulin sensitivity \[[@CR50]\]. Therefore, a bidirectional association might be plausible, but it cannot be excluded that adverse early life events may play an etiological role for both reproductive dysfunction and CVD risk.

### Testosterone Replacement in Male Hypogonadism {#Sec10}

Testosterone replacement in hypogonadal men aims to normalize serum T levels and improve the subjective symptoms, but there is lack of randomized double-blind placebo-controlled studies documenting the effects of T replacement on comorbidities. The existing data are conflicting, ranging from reports indicating that T is protective against CVD \[[@CR51]\] to studies showing the opposite effect \[[@CR52]\]. Based on the present level of knowledge, male hypogonadism is considered a marker of increased risk of other diseases, most importantly CVD and the metabolic syndrome. The recommendation is, therefore, that treatment and prevention of metabolic and cardiovascular disorders should be carried out according to current guidelines also in hypogonadic men.

Further, male infertility, as presented by impaired semen quality \[[@CR53]\], seeking for infertility treatment \[[@CR54], [@CR55]\], or childlessness in married men has been linked to increased risk of cardiometabolic disease and mortality. It is not clear to what extent this association is related to increased prevalence of hypogonadism among men with fertility problems in general, as also other causes may exist \[[@CR49]\].

Female Reproductive Health and Cardiovascular Risk {#Sec11}
--------------------------------------------------

### Polycystic Ovary Syndrome {#Sec12}

Over the past 25 years, three sets of diagnostic criteria for polycystic ovarian syndrome (PCOS) have been developed by different academic societies and conferences \[[@CR56]\]. Using metabolic dysfunction as a remote complication of PCOS, the guidelines published in 2006 recommended that PCOS be defined, first and foremost, as a diagnosis of androgen excess accompanied by either oligo- or anovulation and/or polycystic ovarian morphology after exclusion of related mimicking disorders \[[@CR57]\]. The prevalence of PCOS in premenopausal women varies between 4 and 21%, depending on the definition used and the population assessed (referral-based clinical patients or unselected population) \[[@CR58]\], possibly making this syndrome the most common endocrine metabolic disorder in women of reproductive age. There is a higher prevalence of overweight and obesity in PCOS women compared with controls \[[@CR59]\].

Obese women with PCOS may have higher rates of insulin resistance, hyperinsulinemia, metabolic dysfunction, and hyperandrogenism. There are multiple short-term and long-term consequences of PCOS. The short-term ones include dermatological concerns (hirsutism, acne, androgenic alopecia), reproductive dysfunction (anovulatory infertility in 80% of cases), and mood disturbances (depression or anxiety). Long-term complications include metabolic dysfunction (including a higher risk of developing type 2 diabetes, non-alcoholic fatty liver disease), metabolic syndrome, hypertension, and possible vascular complications \[[@CR60]\]. The increased risk of hypertension in PCOS is linked to metabolic dysfunction with mechanisms similar to those in hypogonadal men \[[@CR61]\].

Women with PCOS have increased risk for hormone-sensitive neoplasias, including endometrial, ovarian, and breast cancer.

### Hypertension in Reproductive Age {#Sec13}

Women of reproductive age (arbitrarily defined as up to the age of 44 years) have a relatively low prevalence of hypertension, 8--9% \[[@CR62], [@CR63]\]. About 50% of hypertensive women of reproductive age are treated with antihypertensive drugs, thus requiring preconception counseling. The prevalence of hypertension is higher in black women and increases with BMI in all ethnicities. Young women with hypertension are at increased risk of developing CVD \[[@CR64]\].

Women with chronic hypertension are at risk of experiencing a number of serious complications in pregnancy \[[@CR65]\]:Superimposed preeclampsia (25.9%; 95% CI 21.0--31.5%)Cesarean section (41.4%; 95% CI 35.5--47.7%)Preterm delivery \< 37 weeks' gestation (28.1%; 95% CI 22.6--34.4%),Birth weight \< 2500 g (16.9%; 95% CI 13.1--21.5%)Neonatal unit admission (20.5%, 95% CI 15.7--26.4%)Perinatal death (4.0%; 95% CI 2.9--5.4%)

The risk of developing preeclampsia can be substantially reduced in women with pre-existing hypertension if low-dose (100--150 mg per day) acetylsalicylic acid (ASA) is initiated from 12 weeks´ gestation until weeks 36--37 \[[@CR66], [@CR67]\].

ACE inhibitors, ARBs and direct renin inhibitors are strictly contraindicated in pregnancy, and thus should not be prescribed to women of childbearing potential without reliable contraception. Beta-receptor blockers may induce fetal bradycardia, growth retardation and hypoglycemia;. Consequently, if used, their type and dose of beta-receptor blockers in pregnant women should be carefully selected, with atenolol best avoided \[[@CR66]\].

### Hypertension in Pregnancy {#Sec14}

Hypertension complicates 5--10% of pregnancies, with rates likely to increase due to increasing prevalence of obesity and increasing age of pregnant women. Hypertension in pregnancy is not a single entity, and we must distinguish between *pre-existing hypertension* (preceding pregnancy or developing between 20 weeks of gestation; usually persisting more than 42 days postpartum) and *gestational hypertension*, a condition specifically related to hypertension, developing after 20 weeks of gestation and usually resolving within 42 days postpartum. Preeclampsia is defined as gestational hypertension with significant proteinuria (\> 0.3 g/24 h or an albumin-to-creatinine ratio ≥ 30 mg/mmol) \[[@CR66]\].

Non-pharmacological management of hypertension in pregnancy has a limited role, as randomized studies of dietary and lifestyle interventions showed only minimal effects on pregnancy outcome \[[@CR68]\]. Dietary counseling during pregnancy resulted only in a slight reduction of BP (0.66 mmHg for systolic BP and 2.76 mmHg for diastolic BP \[[@CR69]\]. Regular exercise may be continued with caution. Obese women should be advised to avoid a weight gain of more than 6.8 kg \[[@CR70]\].

There is general consensus that severe hypertension in pregnancy (usually defined by obstetricians as BP ≥160/110 mmHg) should be treated, with values ≥170/110 mmHg considered an emergency when hospitalization is indicated \[[@CR66]\]. The selection of antihypertensive drugs and route of their administration depend on the expected time of delivery. ACE inhibitors, ARBs and direct renin inhibitors are contraindicated in pregnancy because of their teratogenic effects. Intravenous labetalol, oral methyldopa or oral nifedipine are recommended. Intravenous hydralazine has been associated with higher rates of perinatal adverse effects and thus should no longer be the drug of choice \[[@CR71]\]. Alternatively, intravenous (i.v.) urapidil can be used. Sodium nitroprusside should be reserved for extreme emergencies and administered for the shortest possible period of time because prolonged treatment is associated with increased risk of fetal cyanide poisoning and increased intracranial pressure in the pregnant woman (with potential worsening of cerebral edema). When preeclampsia is associated with pulmonary edema, i.v. nitroglycerine is recommended. Despite lack of evidence, the European guidelines \[[@CR66], [@CR72]\] recommend initiation of drug treatment in all women with persistent BP elevations ≥150/95 mmHg and at values \>140/90 mmHg in women with:Gestational hypertension, orPre-existing hypertension with superimposed gestational hypertension orHypertension with subclinical organ damage or symptoms at any time during pregnancy.

The issue of treatment benefit, tight versus less tight control of hypertension in pregnancy was addressed by the Control of Hypertension in Pregnancy Study (CHIPS). Although the tight control of hypertension was associated with less development of severe maternal hypertension, no difference in the risk of adverse perinatal outcomes and overall serious maternal complications was found \[[@CR73]\]. A secondary analysis of data from CHIPS in severe hypertension clearly showed that women developing severe hypertension have higher rates of pregnancy loss or higher neonatal care for longer than 48 h, birth rate less than the 10th percentile, preeclampsia, preterm delivery, platelets less than 10^9^/L, elevated liver enzymes with symptoms, and maternal length of hospital stay of 10 days or longer. Maternal death or serious maternal complications were more common in women with severe hypertension and less tight control \[[@CR74]\]. There was also a trend for increased rates of SGA newborns among women in the tight arm who had chronic hypertension \[[@CR73]\]. Thus, treatment of maternal hypertension may possibly lead to intrauterine programming, increasing the neonate's lifetime risk of CVD.

Methyldopa, beta-blockers (most data available for labetalol, a combined alpha- and beta-adrenoreceptor-blocking agent with a more potent effect at beta-receptors in man) and calcium antagonists are the preferred drugs of choice in these guidelines. Magnesium sulfate i.v. is recommended for the prevention of preeclampsia and treatment of seizures (caution if given concomitantly with calcium-channel blockers -- risk of hypotension). Women developing gestational hypertension, or preeclampsia in particular, are at increased risk of hypertension, stroke, ischemic heart disease and venous thromboembolism in later life \[[@CR75]--[@CR77]\]. A systematic review and meta-analysis of 22 studies including more than 250,000 women with preeclampsia found preeclampsia to be associated with a fourfold increase in incident heart failure and a twofold increase in the risk of coronary heart disease, stroke and cardiovascular death \[[@CR78]\]. Thus, pregnancy offers a unique window for the identification of women at risk of future development of CVD. It is of utmost importance that women with hypertensive disorders in pregnancy are informed about their future risk of developing CVD. There is a need to establish systematic follow-up aimed at detection and control of all major CVD risk factors \[[@CR79], [@CR80]\].

### Assisted Reproductive Technologies (ART) {#Sec15}

Children born by these techniques now make up 2--8% of births in developed countries. It is estimated that more than 6 million individuals have been conceived using ART worldwide \[[@CR81]\]. Earlier studies did not show an apparent increase in hypertension risk among infertile women or among those with previous fertility treatment \[[@CR82]\]. More recently, women who conceived through ART have been shown to be at increased risk of hypertensive disorders in pregnancy. A large retrospective stratified analysis of ART (596,520 mothers; 30.6% ART mothers) indicated that multiple pregnancies after ART are the single most likely explanation for the increased rate of gestational hypertension or preeclampsia among ART mothers \[[@CR83]\]. More recently, a meta-analysis including 66 longitudinal studies (7,038,029 pregnancies; 203,375 following any ART) found that all pregnancy-related hypertensive disorders, independent of gestation order, were increased following any invasive ART \[+54% (95% CI: 39%--70%), gestational hypertension +79% (95% CI: 24%--157%), and preeclampsia +75% (95% CI: 50%--103%)\] \[[@CR84]\].

There is growing evidence that ART alters the cardiovascular and metabolic phenotype of offspring \[[@CR85]\]. In a recently published Swiss study, 54 young apparently healthy individuals conceived using ART were examined after 5-year follow-up (mean age, 16.5 ± 2.3 years) and compared with age- and sex-matched controls \[[@CR86]\]. Flow-mediated dilatation was significantly lower, whereas pulse wave velocity (PWV) and intima-media thickness (IMT) were higher in ART offspring compared with the control group. The significant differences in BP were confirmed by 24-h ambulatory BP monitoring \[[@CR86]\].

### Premature Ovarian Insufficiency {#Sec16}

Premature ovarian insufficiency (POI) is a clinical syndrome defined by loss of ovarian activity before the age of 40 years. It is characterized by menstrual disturbances (amenorrhea or oligomenorrhea) with raised gonadotropin and low estradiol levels. The European Society of Human Reproduction and Embryology guideline recommends the following diagnostic criteria: (i) oligo/amenorrhea for at least 4 months and (ii) an elevated follicle-stimulating hormone (FSH) \> 25 IU/l on two occasions at least 4 weeks apart \[[@CR87]\]. Despite this, approx. 5--10% of women with confirmed POI become pregnant without medical intervention. The estimated prevalence of POI is about 1% in the general population of women in their 40's. Chromosomal analysis should be performed in all women with non-iatrogenic POI; however, the cause of POI remains not identified in almost 50% of women with POI (idiopathic POI). Women with POI have reduced life expectancy, mostly due to CVD. When diagnosed with POI, the patients should be screened for CVD risk factors on an annual basis with the intent to reduce risk by lifestyle changes. Despite a lack of longitudinal outcome data, early initiated hormone replacement therapy (HRT) is strongly recommended to reduce the risk of developing CVD \[[@CR87]\]. Hormone replacement therapy should continue at least until the average age of natural menopause (age 50--51 years in Europe). Patients with Turner syndrome, a genetically determined form of POI, with the most prevalent karyotype 45 (X, 0), have a higher prevalence of aortic coarctation and bicuspid aortic valve, thus increasing the risk of infective endocarditis. Their risk of developing CVD is doubled, compared with individuals with other causes of POI. The typical age of aortic dissection in Turner syndrome is 35 years \[[@CR88]\]. Pregnancy imposes stress on the aorta; pregnancy-induced hypertension such as preeclampsia may promote direct vascular damage, aneurysm formation, and, if uncontrolled, induce aortic rupture. Pregnancies in women with Turner syndrome are at a very high risk of both obstetric and non-obstetric complications and should be managed in specialized centers with cardiologist supervision.

### Oral Contraception and Blood Pressure {#Sec17}

The use of combined oral contraceptives is associated with a mild elevation of BP in most women, and overt hypertension may develop in about 5% \[[@CR89], [@CR90]\]. Newer preparations with low estrogen and progestogen content seem to be safer. The progestogen-only pill has no effect on BP and is a reasonable alternative for women with hypertension \[[@CR91]\]. In a meta-analysis including 24 studies with 270,284 participants, the duration of oral contraceptive use was positively associated with the risk of developing hypertension, increasing by 13% for every 5 years of oral contraceptive use \[[@CR92]\].

Blood pressure should be measured at least every 6 months in women using oral contraception. Should BP rise significantly, oral contraceptives should be withdrawn and another contraception technique used \[[@CR93]\]. If BP fails to normalize within 3 months of oral contraception withdrawal, the woman should be evaluated and likely treated for hypertension. Oral combined contraception is not recommended for smokers aged over 35 years, for those with systemic autoimmune disease such as systemic lupus erythematosus, or in women with a history of thromboembolic disease. Progestin-only pills, the contraceptive etonogestrel implants or levonorgestrel-releasing intrauterine devices (LNG IUD) might be acceptable alternative options \[[@CR94]\]. Oral contraceptives should be given with caution to women with migraine-type attacks \[[@CR95]\].

### BP in the Perimenopausal and Postmenopausal Periods {#Sec18}

Hypertension is less prevalent in young premenopausal women than in their male counterparts, there is a steeper increase in systolic BP in women aged 50 to 55 years, resulting in increased prevalence of hypertension in the postmenopausal years. Genetic factors, environmental factors, and change in sex hormone levels contribute to the development of hypertension in postmenopausal women \[[@CR96]\]. There is not only a decrease in estradiol and an increase in testosterone but also a change in the estrogen/androgen ratio, resulting in a relative androgen excess that has been proposed to be associated with increased prevalence of hypertension in postmenopausal women \[[@CR97]\]. Sex hormone changes are linked with endothelial dysfunction \[[@CR98]\], which may also contribute to the development of hypertension after menopause. Endothelial dysfunction is associated with a reduction in NO and an increase in endothelin, both contributing to salt sensitivity. An increase in angiotensin II and endothelin and a reduction in NO may induce increased oxidative stress, thus contributing to an increase in renal vasoconstriction and causing hypertension. Changes in sex hormones are also usually associated with an increase in body weight and sympathetic activation. Further, aging has been found to be associated with a greater increase in sympathetic nervous activity in women than in men \[[@CR99]\]. Gender differences in the pathophysiology of hypertension have no major implications for treatment except in the setting of pregnancy. The response to antihypertensive agents and beneficial effects of BP lowering appear to be similar in women and men. However, ACE inhibitors and angiotensin-receptor blockers should be avoided in pregnant women and those of childbearing potential because of their teratogenic effects \[[@CR100]\].

In conclusion, hypogonadism is a major determinant of metabolic changes (insulin resistance) and increased prevalence of hypertension both in men (hypoandrogenicity) and women (relative hyperandrogenicity), particularly in the postmenopausal period. The relationship between androgen signaling and NF-kB could possibly explain the pathophysiological mechanisms leading to development of endothelial dysfunction and hypertension \[[@CR101]\].

Conclusions {#Sec19}
===========

Human reproduction is of fundamental importance for the survival of mankind. It has been shaped by evolution and resembles that of other mammals in many ways, but not entirely. The role of covert human ovulation (influencing male-female interaction and mate choice) and prolonged breast feeding in women, together with the fact that women live up to 1/3 of their lives in postfertility period, is unique for human beings. Human reproduction is also influenced by societal, cultural, and environmental factors.

The importance of early life programming for risk of developing hypertension and CVD in adults is an impetus for preventive measures to secure maternal and child health---an investment into improved cardiovascular health, in both mothers and their offspring throughout their lives. Efforts to prevent preeclampsia and gestational diabetes are needed, as well as efforts to improve the treatment of these conditions. The discovery of new biomarkers may improve early diagnosis of preeclampsia \[[@CR102]\].

A better understanding of these associations could enhance mapping of the mechanisms of BP elevation and vascular aging as well as those promoting cardiometabolic disease. New avenues of research should be promoted, such as the role of gut microbiota in the association between maternal factors and child health \[[@CR103]\] as well as increased arterial stiffness in women, as recently reported \[[@CR104]\]. Novel treatment for sexual dysfunction, new contraceptive agents, assisted reproduction \[[@CR105]\], and strategies for preventing pregnancy complications should be tested in randomized clinical trials, with the ultimate aim to improve reproductive health.
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